Introduction
============

As a biological fluid, saliva is composed of more than 99% water and less than 1% proteins, electrolytes, and other low molecular weight components [@B1]. In the oral cavity, saliva primarily comes from three pairs of major salivary glands, the parotid, submandibular, and sublingual glands, and 300-400 minor salivary glands [@B2]. It plays a pivotal role in mastication, lubrication, swallowing, and digestion, protecting the integrity of oral tissues [@B3]. In addition, saliva also provides clues for local and systemic diseases and conditions because molecules like DNA, RNA, proteins, metabolites, and microbiota are not only present in blood but also in saliva. Therefore, changes in the concentrations of these molecules could be useful as potential biomarkers to predict or detect diseases as well as monitor the therapeutic response [@B4].

Exosomes are cell-derived vesicles, 30-100 nm in diameter, generated by the endosomal pathway and released through exocytosis of multivesicular bodies (MVBs) to the extracellular space and circulation [@B5]. Exosomes mediate interactions with the cellular environment, and exist extensively in bodily fluids, such as blood, urine, saliva, bile, cerebrospinal fluid, breast milk, epididymal fluid, semen, ascites, amniotic fluid, and sputum [@B6]. Exosomes are spherical and, in addition to lipids, the lipid bilayer contains polysaccharides and protein receptors [@B7], [@B8]. The content of exosomes is diverse, and includes lipids, enzymes, proteins, RNAs and, in particular, microRNAs (miRNAs) [@B9], indicating that exosomes play an important role in intracellular communication and in delivering molecular signals from one cell to another at proximal or distal locations [@B10], [@B11]. Exosomes are involved in intracellular communication, immune regulation, RNA processing and degradation, tumour promotion, propagation of prion proteins and retroviruses, and can serve as drug delivery vehicles [@B12]-[@B14]. The biological functions of exosomes largely rely on interactions between the exosome and its target cell.

Currently, salivary diagnosis is drawing increasing attention as it is noninvasive, easy to collect, and exhibits greater patient compliance compared with other methods. Additionally, the contents of saliva are similar to those of plasma, owing to the physical interaction between saliva and blood sources [@B15]. Moreover, saliva has advantages over blood as a bodily fluid as it does not coagulate, which makes it easier to be processed than blood. However, using whole saliva has several disadvantages, including contamination, variability, and the presence of proteins such as amylase that can mask other proteins with low expression. Therefore, salivary exosomes have been investigated to overcome these barriers. A previous study showed that exosomes containing proteins, miRNAs, and mRNAs (exosome shuttle RNA) in various bodily fluids including plasma, malignant ascites, urine, amniotic fluid, and saliva could serve as a novel platform for diagnosis [@B16]. Notably, extracellular vesicles (EVs) have been found to cross epithelial barriers such as the blood-brain barrier via transcytosis, indicating that they may play a role in transporting RNAs of systemic origin from blood into saliva [@B17], [@B18]. Machida et al. [@B19] identified miR-1246 and miR-4644 in salivary exosomes, which are highly expressed in serum exosomes, as potential biomarkers of pancreatobiliary tract cancer. Moreover, few studies on humans have reported the role of exosomes in other bodily fluids, such as urine, in systemic diseases. For example, the study of urinary exosomes has been limited to kidney-related diseases, such as polycystic kidney disease [@B20] and aldosteronism [@B21], and rarely related to other systemic diseases. Therefore, uncovering the role of salivary exosomes may be a superior strategy to exploring the role of exosomes in other bodily fluids. It would be interesting to investigate the role of exosomes in saliva and to understand the mechanisms underlying their regulation in systemic diseases, providing novel insights into the possible applications of salivary exosomes in the noninvasive diagnosis and treatment of systemic diseases. In this review, we first discuss the characteristics and composition of salivary exosomes, as well as the processes of endocytosis and secretion. Then, we describe strategies for the isolation of exosomes from human saliva and the emerging role of salivary exosomes as potential biomarkers in oral and other systemic diseases.

Characteristics of salivary exosomes
====================================

Similar to exosomes released in other bodily fluids [@B22], electron micrographs have revealed that salivary exosomes are rounded cup-shaped vesicles with an average diameter of 30-100 nm and abundant CD63 immunoreactivity on the surface [@B23]. According to their distinctive size and protein composition, salivary exosomes in whole saliva can be classified into two types, exosomes I and II. The average diameter of exosome I is 83.5 nm, while exosome II is 40.5 nm, as determined by electron microscopy [@B24]. Both types of exosomes contain exosomal biomarkers, which include Alix, tumour susceptibility gene 101 (TSG101), and heat shock protein (HSP) 7, and both contain immunoglobulin (Ig) A and the polymeric Ig receptor (pIgR) [@B24]. Overall, 101 and 154 proteins have been identified in exosomes I and II, respectively, and 68 proteins with common markers (CD63, Alix, Tsg101, and Hsp70) overlap between the two groups. Nearly 40% of these proteins are secretory proteins, including serum albumin or extracellular proteins such as Ig chains, suggesting that salivary exosomes originate from circulating lymphocytes and intravascular fluid [@B25]. Xiao et al. [@B26] performed proteomic profiling of salivary microvesicles with an average diameter of 100-1000 nm and identified 63 proteins in salivary microvesicles, of which 35 were exclusively identified in microvesicles by comparison with 491 proteins identified in the parotid exosome proteome [@B27], indicating that salivary exosomes contain their own unique proteins. Exosomes II primarily express dipeptidyl peptidase IV (DPP IV), which is also known as CD26, and is metabolically active in cleaving the chemokines CXCL11 and CXCL12 [@B24], implying that exosome II is involved in the degradation of polypeptides. DPP IV, carbonic anhydrase 6, cystatin family proteins, IgG, Fc binding protein, and galectin-3 binding protein are highly expressed in type II exosomes, while ezrin, moesin, radixin, Rab GDP dissociation inhibitor β, α-enolase, guanine nucleotide-binding protein Gi/Gs/Gt subunit β-1, and annexins are only expressed in exosomes I. The heterogeneous structure of salivary exosomes may imply that exosomes originate from different parts of the salivary glands. For example, galectin-3 binding protein is only located on the surface of ductal epithelial cells, while pIgR localises mostly in acinar and ductal epithelial cells. Exosomes I and II both contain IgA, indicating that they are possibly both involved in immune responses. Ogawa et al. [@B24] implanted exosomes I and II into different mice and observed that mice implanted with exosomes II generated antibodies to DPP IV more successfully, indicating a better immunogenicity of exosome II and that exosomes I and II exhibit different proteomic properties. It has been reported that saliva can trigger factor VII-mediated coagulation of human plasma and that salivary exosomes can significantly shorten the clotting time of exosome-depleted plasma. Western blot analysis and transmission electron microscopy with immunogold labelling have been used to further identify the initiator of coagulation activation (tissue factor) in salivary exosomes. Moreover, in the presence of anti-factor VII, salivary exosome-induced shortening of clotting time is abolished, indicating that salivary exosomes serve as the first step in the process of wound healing to facilitate hemostasis [@B28].

Composition of salivary exosomes
================================

The secretion of ribonucleoproteins, which are immune antigens involved in systematic rheumatic diseases in exosomes of non-neoplastic salivary gland epithelial cells, was first detected in 2005 [@B29]. The combined use of electron microscopy, immunoblotting, and immunoprecipitation techniques has resulted in the identification of numerous salivary exosomes. Gonzalez et al. [@B27] used multidimensional protein identification technology (MudPIT) to catalog 491 proteins in the exosome fraction of human parotid saliva. Among these proteins, 265 were observed in ductal saliva from the parotid glands and 72 proteins overlapped with urinary exosome proteins, indicating that exosomes of different origins exhibit some degree of similarity. Ogawa et al. [@B30] identified DPP IV, galectin-3, and IgA may influence the immune response. Vesicular DPP IV was metabolically active, cleaving substance P and glucose-dependent insulinotropic polypeptide to release N-terminal dipeptides, indicating that salivary exosomes participate in the catabolism of bioactive peptides and play a regulatory role in the local immune response in the oral cavity. The exosomal membrane proteins CD9, CD63, CD81, as well as intracellular proteins like HSP70 and TSG101, are considered markers of exosomes. Salivary exosomes also contain various RNAs, most of which are small RNAs. Because of the small size of noncoding RNAs (ncRNAs), these molecules are not as susceptible as mRNAs to degradation by ribonucleases, and are thus much more stable. It has been reported that salivary miRNAs and P-Element induced wimpy testis (PIWI)-interacting RNAs (piRNAs) are predominantly found in exosomes [@B31]. Bahn et al. [@B15], using high-throughput RNA sequencing, found that the most abundant types of small RNAs in human cell-free whole saliva are Piwi-interacting RNAs, miRNAs, and small nucleolar RNAs, accounting for 7.5%, 6.0%, and 0.02%, of all small RNAs, respectively. Therefore, non-coding RNAs have been extensively investigated as regulators of diverse biological functions. Ogawa et al. [@B32] used next-generation sequencing technology to investigate the compositions of protein-coding RNAs and long non-protein-coding RNAs in exosomes and whole saliva. The results showed that exosomes I and II and WS express miRNAs differently and that most of the miRNAs expressed in WS are not expressed in exosomes. In exosomes, a component of the RNA-induced silencing complex GW182 is important for the stability of exosomal RNAs. In exosomes I and II and WS, the miRNA hsa-mir-378 is associated with cell survival, tumour growth, and angiopoiesis [@B33]. Gallo et al. [@B31] reported that miR-22, miR-202, and miR-1237d are predominant in salivary exosomes. However, the specific functions and mechanisms of these exosomal RNAs require further exploration.

Endocytosis and secretion of salivary exosomes
==============================================

Exosomes exert their biological functions *via* endocytosis and secretion of their contents into host cells. In salivary exosomes, this process is similar to the endocytosis and secretion of exosomes in other bodily fluids. Endocytosis is the first step (Figure [1](#F1){ref-type="fig"}). The internalized material delivered to early endosomes is sorted to at least three possible destinations irrespective of the route of entry. One is for degradation through maturation into MVBs and fusion with lysosomes, which are acidic compartments containing hydrolytic enzymes able to digest complex macromolecules [@B34]. The second is for recycling. According to the time that passes from internalization to exposure at the cell surface, or release to the extracellular medium in the case of luminal soluble factors, recycling processes can be divided into a rapid and slower pathway. The third destination is secretion, which will be described in detail below. Phagocytosis, which occurs primarily in phagocytic cells, or receptor and raft-mediated endocytosis, are part of the endocytic process [@B35]-[@B37]. It has been shown that RAW 264.7 macrophage cells internalize exosomes derived from K562 and MT4 cell lines through actin-mediated and phosphatidylinositol 3-kinase (PI3K) and dynamin 2-dependent pathways [@B35]. Similarly, the internalized and engulfed exosomes are merged with endosomes of the recipient cell and can be transported to neighboring cells in pancreatic cancer [@B38]. Receptor-mediated endocytosis occurs *via* the classical or non-classical pathway. The classical pathway is mediated by caveolin or clathrin membrane proteins (cavoelae are specialized lipid rafts). Exosomes derived from virus-infected cells have been shown to be internalized by target cells *via* caveolin-dependent endocytosis. Knockdown of the calveolin 1 (CAV1) gene significantly reduced exosome uptake, indicating that caveolin membrane proteins are involved in endocytosis [@B39]. Bone marrow-derived mesenchymal stromal cells were reported to take up PC12 cell-derived exosomes *via* clathrin-mediated endocytosis and alter gene expression through the transfer of miR-21 [@B40]. Additionally, the endocytosis of exosomes induced secretion of pro-inflammatory cytokines by placental cells, demonstrating an exosome-dependent change in placental phenotype. On the other hand, non-classical endocytosis of exosomes occurs independently of membrane proteins. It has been reported that exosome uptake by glioblastoma cells occurs *via* lipid raft-mediated endocytosis and is dependent on extracellular signal-regulated kinase-1/2 and HSP27 [@B37]. Another form of exosome-cell interaction is the adhesion of exosomes to a potential docking site on target cells. This interaction is facilitated by the presence of transmembrane proteins on the surface of exosomes. Dendritic cell-derived exosomes express intercellular adhesion molecule-1, major histocompatibility complex, and co-stimulatory molecules that enable exosomes to interact with target cells *via* their respective signalling receptors [@B41]-[@B43]. By interacting with recipient cells, exosomes can transfer their cargo, which can regulate recipient cell function. This can orchestrate diverse signalling pathways and mediate a broad range of physiological and pathological conditions. Cellular responses to the microenvironment play a decisive role in determining the concentration and composition of exosomes. This has opened up new avenues for biomarker discovery and therapeutic interventions [@B44]-[@B46].

A number of genes are involved in exosomal secretion [@B47], which ensure that exosomes are transported to the right place at the right time. First, proteins in the early exosome, which has two primary mechanisms of transformation following endocytosis in which the receptors bind the ligands, can either combine with the plasma membrane or become part of the luminal vesicle (ILV) of MVBs. ILVs of MVBs are generated by budding from the limiting membrane and enter the lumen of endosomes. MVBs undergo degradation in lysosomes or fuse with the plasma membrane to undergo exocytosis. The endosomal sorting complexes required for the transport machinery, which is used in transport and ubiquitination, generate the degradative MVBs. Exocytic MVBs fuse with the plasma membrane and exosomes are released into the microenvironment. Neighboring cells can internalize the cytoplasmic content of exosomes, which can also mature into MVBs [@B48], [@B49]. During secretion, the RAB family of small GTPase proteins are involved in different steps that lead to membrane fusion, including vesicle budding, vesicle and organelle mobility through cytoskeleton interaction, and docking of vesicles to their target compartment, which is required for eventual fusion of the two membranes [@B50]. For example, RAB11 has been shown to control transferrin receptor and HSP70-containing exosome release in K562 cells [@B51]. In HeLa-CIITA cells, depletion of RAB5A, RAB9A, RAB2B, and more remarkably RAB27A and RAB27B, decreased exosome secretion, while depletion of RAB11A or RAB7 did not [@B52]. Additionally, RAB27A was confirmed to be involved in vesicle secretion in numerous tumour cell lines such as mammary carcinoma [@B53], murine melanoma [@B54], and human squamous carcinoma cells [@B55]. Moreover, different RABs are involved in the docking and fusion machineries, indicating the existence of different multivesicular compartments within the cell. RAB27A and RAB27B have been linked with the late endosomal and secretory compartments, while RAB11 and RAB35 have been linked with the recycling and early sorting endosomes [@B56]. This evidence suggests that different MVBs could produce different subpopulations of EVs.

Soluble NSF-attachment protein receptor (SNARE) complexes are important in the fusion of lipid bilayers [@B56]. Though the SNARE proteins SNAP-23, VAMP7, and VAMP8 participate in Ca^2+^-regulated fusion of secretory lysosomes with the plasma membrane in different cell types [@B57], [@B58], they are also essential in the fusion of MVBs with the plasma membrane during exosome secretion. VAMP7 is required for the release of acetylcholinesterase-containing EVs in K562 erythroleukemia cells [@B59]. When VAMP7 was inhibited in MDCK cells, lysosomal secretion was impaired, although there was no effect on exosome release [@B60]. More recently, the R-SNARE protein YKT6 was reported to be necessary for the secretion of exosomes containing the WNT3A morphogen in HEK293 cells [@B61].

Isolation and identification of exosomes in saliva
==================================================

Multiple methods have been described for the isolation of exosomes, including differential centrifugation, density gradient centrifugation, size exclusion chromatography, filtration, polymer-based precipitation, immunological separation, and commercial exosome isolation kits. [@B62]. For salivary exosome isolation, there are two primary methods: the classical, physical-based method of ultracentrifugation (UC) [@B63], and ExoQuick-TC™ (EQ), a chemical-based agent designed to precipitate exosomes [@B64]. It is technically difficult to isolate exosomes from biological materials because the isolations are easily contaminated with non-exosomal proteins and the cytomembrane can discharge exosomes as well as many other kinds of subcellular bodies. UC is believed to obtain minimally contaminated exosome pellets, but the process is complicated, prolonged, and requires specialized equipment. When EQ is incubated with saliva, intact exosomes can be obtained and this method is considered suitable and efficient for the precipitation of salivary exosomes from small volumes of saliva. However, EQ tends to be associated with considerably more biological impurities (non-exosomal-related proteins/microvesicles) compared with UC [@B64].

Isolation methods have been developed with the extensive study of salivary exosomes. Kim et al. [@B65] isolated EVs from the saliva of mouse models with human melanoma using an aqueous two-phase system (ATPS). Most EVs moved into the dextran phase after centrifugation when the ATPS was composed of polyethylene glycol and dextran [@B66], [@B67]. With this method, EVs are recovered from cell-free saliva more easily and efficiently than by conventional isolation methods such as UC.

After isolation, transmission electron microscopy is used to identify specific exosomes, which have been described as having a "cup-shaped" morphology. Furthermore, using the ultrasensitive technique of low-force atomic force microscopy, exosomal structure, chemistry, and mechanics can be examined [@B68]. In addition, on continuous sucrose gradients, exosomes equilibrate at densities between 1.13 and 1.19 g/ml [@B63]. Exosome-specific markers are important for characterizing exosomes and differentiating them from other EVs. However, the development of novel techniques for the study of exosomes is necessary, and this will aid in the discovery of additional exosomal biomarkers and their use in the diagnosis of various diseases.

Correlation between salivary exosomes and systemic diseases
===========================================================

Accumulating evidence has revealed that salivary exosomes are correlated with oral diseases like oral cancer [@B67], oral lichen planus (OLP) [@B68], Sjögren\'s syndrome (SS) [@B69] as well as other systemic diseases like inflammatory bowel disease (IBD) [@B70], pancreatic cancer [@B71], pancreatobiliary tract cancer [@B19], lung cancer [@B72] and so on. Several investigations have been carried out to explore the aberrant expression and underlying mechanisms of salivary exosomes, which may be considered as potential diagnostic and therapeutic biomarkers for systemic diseases (Table [1](#T1){ref-type="table"}; Figure [2](#F2){ref-type="fig"}).

Salivary exosomes as potential biomarkers of oral diseases
----------------------------------------------------------

As mentioned above, saliva contains a variety of proteins, enzymes, and immunoglobulins, which form the first line of defense. Proteomic analysis of whole human saliva has demonstrated that exosomes are rich in IgA and plgR, which play an important anti-inflammatory role [@B24]. Oral squamous cell carcinoma (OSCC) is the most prevalent oral cancer, accounting for more than 90% of oral cancers and 24% of all head and neck cancers and has a poor prognosis [@B73]. This cancer is a major challenge as it is often diagnosed at an advanced stage and more than 50% of OSCC patients exhibit lymph node metastasis. [@B74], [@B75]. Though advances in surveillance and treatment strategies have been made, the survival rate of OSCC patients has not significantly improved and is still below 50% [@B76]. Zlotogorski-Hurvitz et al. [@B67] showed that the morphological and molecular features of exosomes differ between oral cancer patients and healthy individuals, providing an early diagnostic tool for detecting malignant changes in high-risk patients. Li et al. [@B77] found that exosomes derived from hypoxic OSCC cells increased the migration and invasion of OSCC cells in a HIF-1α- and HIF-2α-dependent manner. miRNA sequencing of normoxic and hypoxic OSCC-derived exosomes indicated that 108 miRNAs were differentially expressed. Among them, miR-21 was the most significantly upregulated miRNA under hypoxic conditions. This study showed that a hypoxic microenvironment could stimulate tumour cells to generate miR-21-rich exosomes that are delivered to normoxic cells to promote prometastatic behavior. In addition, exosomes containing the miR-21 targets phosphatase and tensin homolog (PTEN) and programmed cell death protein 4 (PDCD4) exhibit cisplatin resistance in OSCC [@B78]. Moreover, Kawakubo-Yasukochi et al. [@B79] indicated that exosomes containing miR-200c-3p derived from a highly invasive OSCC line could induce a similar phenotype in non-invasive counterparts. In proteomic profiling analyses, Winck et al. [@B80] identified 381 proteins from salivary EVs in OSCC and healthy groups and found that 8 were differentially expressed, including alpha-2-macroglobulin (A2M), haptoglobin alpha chain (HPA), mucin 5B (MUC5B), galectin-3-binding protein (LGALS3BP), immunoglobulin alpha-1 chain c region (IGHA1), prolactin-inducible protein(PIP), pyruvate kinase isozymes M1/M2 (PKM1/M2), and glyceraldehyde-3-phosphate dehydrogenase (GAPDH). Oral lichen planus (OLP) is a chronic inflammatory oral mucosal disease with unclear cause. Byun et al. [@B68] examined salivary exosomal miRNAs of patients with OLP and found that miR-4484 were significantly upregulated and, thus, could be candidates for diagnosing and elucidating the pathogenesis of OLP. Sjögren\'s syndrome (SS), first described in 1933 by the Swedish physician Henrik Sjögren [@B81], is a chronic autoimmune disorder with the characteristics of dry mouth (xerostomia) and dry eyes (keratoconjunctivitis sicca) [@B82]. Hu et al. [@B69] identified 16 peptides (10 upregulated and 6 downregulated in primary SS) and 27 mRNAs whose expression was significantly altered in whole saliva of primary SS patients compared with healthy individuals. These candidate genomic and proteomic biomarkers may provide insight into the clinical detection of primary SS once the functions of these miRNAs in the pathogenesis of oral inflammatory diseases have been validated. Gallo et al. [@B83] demonstrated that Epstein Barr virus-specific miRNA (ebv-miR-BART13-3p) could be transferred from B cells to salivary epithelial cells through exosomes in SS patients. However, the correlation between salivary exosomes and SS has never been investigated. Overall, identification of disease-specific biomarkers in saliva is an easy, rapid, and non-invasive approach for molecular diagnosis; hence, the study of exosomes in saliva can prompt further investigation into the therapeutic value of exosome inhibition in oral diseases.

Correlation between salivary exosomes and other systemic diseases
-----------------------------------------------------------------

Currently, the study of salivary biomarkers has developed beyond oral diseases [@B84]-[@B86] to systemic diseases [@B87], [@B88], which has broadened the potential for systemic disease detection [@B89], [@B90]. Recently, Langevin et al. [@B91], using miRNA sequencing, found that several salivary exosomal miRNAs, including miR-486-5p, miR-486-3p, and miR-10b-5p, were substantially overexpressed among a subset of head and neck squamous cell carcinoma patients compared to cancer-free controls, highlighting the use of salivary exosomal miRNAs as potential noninvasive cancer biomarkers. Zheng et al. [@B70] used liquid chromatography tandem mass spectrometry to identify the contents of salivary exosomes in patients with inflammatory bowel disease (IBD), which is an intestinal immune-dysfunctional disease with unknown cause. More than 2000 proteins were detected in salivary exosomes from patients with IBD and proteasome subunit α type 7 (PSMA7) was significantly different between patients with IBD and healthy controls, providing a promising biomarker that could allow patients to avoid the pain of colonoscopy. Lau et al. [@B92] found that salivary gland cells secreted exosome-like microvesicles encapsulating both protein and mRNA, and the interaction with breast cancer-derived exosome-like microvesicles communicated with and activated the transcriptional machinery of salivary gland cells, altering the mRNA and protein content of salivary gland cell-derived exosome-like microvesicles. By developing a pancreatic cancer mouse model, Lau et al. [@B71] showed that pancreatic tumor-derived exosomes are mechanistically involved in the development of pancreatic cancer-discriminatory salivary transcripttomic biomarkers, providing a mechanistic link between discriminatory salivary biomarkers and distal tumor. In addition, miR-1246 and miR-4644 in salivary exosomes may be potential biomarkers for pancreatobiliary tract cancer [@B19]. Katsiougiannis et al. [@B93] previously demonstrated that suppression of exosomes at the distal tumour site of pancreatic ductal adenocarcinoma ablated development of the salivary biomarker profile. Furthermore, they found that salivary exosomes in pancreatic tumor-bearing mice exhibited a suppressive effect on the reduction of the tumor-killing ability of natural killer cells. Moreover, Machida et al. [@B94] used microarray analysis to identify six miRNAs (miR-24-3p, miR-371a-5p, miR-3175, miR-3162-5p, miR-671-5p, and miR-4667-5p) that were significantly differently expressed during aging. Among them, miR-24-3p was identified as a novel candidate biomarker of aging by comparing total RNA obtained from 15 young and 13 old individuals using reverse transcription quantitative polymerase chain reaction. However, further validation is required to confirm whether miR-24-3p in salivary exosomes is a suitable biomarker of aging. Sun et al. [@B72] compared the proteomic profiles of saliva samples of lung cancer patients and healthy subjects and found that 63 proteins were unique to lung cancer patients. Further Gene Ontology analyses showed that 12 proteins were lung cancer-related biomarkers, including 6 annexin family members (annexin A1, A2, A3, A5, A6, and A11), nitrogen permease regulator 2-like protein (NPRL2), carcinoembryonic antigen-related cell adhesion molecule 1 (CEACAM1), histone H4 (HIST1H4A), mucin 1 (MUC1), prominin-1 (PROM1), and tumour necrosis factor alpha-induced protein 3 (TNFAIP3). Recently, Sun et al. [@B94] identified 25 proteins originally from distal organ cells in the salivary exosomes of lung cancer patients, 5 of which were lung-related proteins. Four of these, BPI fold-containing family A member 1 (BPIFA1), cornulin (CRNN), MUC5B, and Ras GTPase-activating-like protein (IQGAP1), were confirmed by Western blot, indicating that salivary exosomes harbour informative proteins that might be used for the detection of lung cancer in a noninvasive manner. Furthermore, Yang et al. [@B96] implanted human lung cancer H460 cells expressing hCD63-GFP into nude mice to follow the circulation of tumour cell-specific proteins and mRNAs in the form of exosome-like microvesicles (ELMs) in vivo, and found that ELMs carry tumour cell-specific mRNA and protein from blood to saliva, strengthening the link between distal tumour progression and the discovery of saliva biomarkers through ELMs. Moreover, Gonzalez-Begne et al. [@B27] identified proteins in salivary exosomes involved in Alzheimer\'s disease, neurodegenerative disorders, Parkinson\'s disease, cholera infection, Huntington\'s disease, long-term depression, prion disease, dentatorubropallidoluysian atrophy (DRPLA), glioma, type I and II diabetes, and different types of carcinomas (renal cell carcinoma, pancreatic carcinoma, prostate cancer, small cell lung cancer, bladder cancer, and melanoma), making exosomes an attractive source for exploring biomarkers.

Database and bioinformatics analysis of exosomes
================================================

Exosomes contain RNAs, proteins, lipids, and metabolites that are reflective of the cell type of origin. ExoCarta (<http://www.exocarta.org>) is a manually curated database containing exosomal proteins, RNAs, and lipids from both published and unpublished exosomal studies [@B97]. The method of exosomal purification and characterization as well as the biophysical and molecular properties are listed in the database with the aim of helping biomedical scientists assess the quality of exosomal preparation and the corresponding data. ExoCarta (version 3.1) contains information on 11,261 protein entries, 2375 mRNA entries, and 764 miRNA entries from 134 exosomal studies. This free web-based community resource is helpful to researchers in the study of molecular signatures (proteins/RNAs/lipids) specific to certain tissues/cell types derived from exosomes. Moreover, to analyze numerous proteins, RNAs, and lipids contained in exosomes, non-commercial tools such as FunRich can be used to identify over-represented groups of molecules [@B98]. Currently, with the advent of next generation sequencing technologies, investigations into the role of exosomes in cancer and other systemic diseases are increasing. Recently, bioinformatics-based analysis of RNA sequencing data of exosomes extracted from *Trypanosoma cruzi* has demonstrated a link between vesicles with important gene products and the probability of identifying biomarkers of Chagas disease [@B99].

Conclusion and Perspectives
===========================

In 2008, a breakthrough was made in the field of EVs that glioblastoma microvesicles contain cancer-specific mutant mRNA (EGFRvIII), suggesting that tumour-derived microvesicles may serve as an important diagnostic tool [@B100]. Since this discovery, much progress has been made in the investigation of exosomes, owing to their unique roles in intracellular communication and signalling. More importantly, exosomes can transport bioactive molecules like proteins, lipids, mRNAs, and miRNAs from one cell to another, which has been linked to the pathogenesis of various diseases. Salivary diagnosis has notable advantages, including noninvasiveness, ease of collection, absence of coagulation, a more positive impact on patient compliance, and a similar content as plasma, as well as their possible use in the diagnosis of systemic diseases. However, the use of salivary diagnosis has a number of limitations, including contamination as well as the presence of proteins such as amylase that may mask other proteins with low expression. Salivary exosomes can overcome these disadvantages and are attracting increasing attention not only in the field of cancer-derived exosomes, but also in other systemic disease-related exosomes such as inflammatory bowel disease and aging. Salivary exosomes have been recognized as exhibiting aberrant expression of various components in a disease-specific manner. However, the majority of exosomes remain to be investigated and specific molecular mechanisms remain to be elucidated. It remains unclear whether salivary exosomes are correlated with various systemic diseases. Discovering potential interactions may lead to novel discoveries of systemic disease signalling pathways affected by altered salivary exosome expression. Furthermore, knowledge of exosome functions would deepen our understanding of the therapeutic use of salivary exosomes in systemic diseases. In the future, given scientists\' endeavours and the application of new methods, the underlying mechanisms of salivary exosomes may well be elucidated, providing novel insights that will aid in the treatment of systemic diseases.
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![MicroRNA (miR)-21 in hypoxic oral squamous cell carcinoma (OSCC)-derived exosomes is significantly upregulated under hypoxic conditions, and the hypoxic microenvironment stimulates tumour cells to generate miR-21-rich exosomes to be delivered to normoxic cells to promote prometastatic behaviors. On the other hand, exosomes containing miR-21 target phosphatase and tensin homolog (PTEN), and programmed cell death protein 4 (PDCD4), exhibit cisplatin resistance in OSCC. Moreover, miR-200c-3p in exosomes derived from a highly invasive OSCC line can induce a similar phenotype in non-invasive counterparts to promote OSCC invasion. The expression of proteasome subunit α type 7 (PSMA7) in salivary exosomes in patients with inflammatory bowel disease (IBD) showed significant differences between patients with IBD and healthy controls. During aging, miR-24-3p was identified as a novel candidate biomarker of aging, which could affect the MAPK signaling pathway to increase susceptibility to age-dependent alterations in the immune and inflammatory status, or it could induce apoptosis of salivary glands during aging, decreasing the production of saliva.](ijbsv14p0633g002){#F2}

###### 

Exosome biomarkers for systemic diseases

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  diseases                         biomarker                                                                                        type                       Expression                                              Sample                                                    Methods                            Reference
  -------------------------------- ------------------------------------------------------------------------------------------------ -------------------------- ------------------------------------------------------- --------------------------------------------------------- ---------------------------------- ------------------------
  OSCC                             miRNA-21                                                                                         miRNA                      Upregulated                                             OSCC cell line                                            miRNA sequencing                   Li et al. [@B78]\
                                                                                                                                                                                                                                                                                                                    Liu et al. [@B79]

  miR-200c-3p                      miRNA                                                                                            Upregulated                OSCC cell line                                          integrated microarray                                     Kawakubo-Yasukochi et al. [@B80]   

  A2M, HPA, MUC5B, LGALS3BP,\      proteins                                                                                         differentially expressed   saliva                                                  Mass spectrometry analysis and proteomics data analysis   Winck et al. [@B81]                
  IGHA1, PIP, PKM1/M2, GAPDH                                                                                                                                                                                                                                                                                        

  OLP                              miR-4484                                                                                         miRNA                      Upregulated                                             saliva                                                    miRNA microarray                   Byun et al. [@B69]

  SS                               ebv-miR-BART13-3p                                                                                miRNA                      transferred from B cells to salivary epithelial cells   salivary glands of SS patients                            /                                  Gallo et al. [@B84]

  HNSCC                            miR-486-5p, miR-486-3p, and miR-10b-5p                                                           miRNAs                     Upregulated                                             Both HNSCC cell line and saliva                           miRNA-sequencing                   Langevin et al. [@B92]

  IBD                              PSMA7                                                                                            proteins                   Upregulated                                             saliva                                                    LC-MS/MS                           Zheng et al. [@B71]

  Pancreatic cancer                Apbb1ip, Daf2, Foxp1, Incenp, Aspn, BC031781, Gng2                                               mRNA                       Upregulated                                             rodent model with pancreatic cancer                       micorarray                         Lau et al. [@B72]

  Pancreatobiliary tract cancer    miR‑1246, miR‑4644                                                                               miRNA                      Upregulated                                             saliva                                                    RT‑qPCR                            Machida et al. [@B19]

  aging process.                   miR-24-3p                                                                                        miRNA                      Upregulated                                             saliva                                                    microarray                         Machida et al. [@B95]

  Lung cancer                      ANXA1, ANXA2, ANXA3, ANXA5, ANXA6, ANXA11, NPRL2, CEACAM-1, MUC1, PROM1, HIST1H4A and TNFAIP3.   proteins                   Upregulated                                             saliva                                                                                       Sun et al. [@B73]

  BPIFA1, CRNN, MUC5B, and IQGAP   proteins                                                                                         Upregulated                saliva                                                                                                            Sun et al. [@B96]                  
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

A2M = alpha-2-macroglobulin; ANX A1,2,3,5,6,11= annexin A1,2,3,5, 6, 11; BPIFA1 = BPI fold-containing family A member 1; CEACAM1 =carcinoembryonic antigen-related cell adhesion molecule 1; CRNN = Cornulin; ebv-miR-BART13-3p = Epstein Barr Virus (EBV) -specific microRNA; GAPDH = glyceraldehyde-3-phosphate dehydrogenase; HIST1H4A = histone H4; HNSCC = head and neck squamous cell carcinoma; HPA = haptoglobin alpha chain; IBD = inflammatory bowel disease; IGHA1 = immunoglobulin alpha-1 chain c region; IQGAP1 = Ras GTPase-activating-like protein; LC-MS/MS = liquid chromatograph-mass spectrometer; LGALS3BP = galectin-3-binding protein; miRNA = microRNA; mRNA = message RNA; MUC1 = mucin 1; mucin-5B = MUC5B; NPRL2 = nitrogen permease regulator 2-like protein; OLP = Oral lichen planus; OSCC = oral squamous cell carcinoma; PIP = prolactin-inducible protein; PKM1/M2 = pyruvate kinase isozymes M1/M2; PROM1 = prominin-1; PSMA7 = proteasome subunit alpha type 7; RT qPCR = quantitative real time PCR; SS = Sjögren\'s syndrome; TNFAIP3 = tumour necrosis factor alpha-induced protein 3.
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